A simple model of a metal containing deuterons is considered. The example ofpalladium is treated in detail. In contrast to a previous calculation, it is shown that the effect of screening of Coulomb fields by conduction electrons is sufficient to allow a deuteron pair to fuse at a rate of 10-i8 sec'1, five powers of 10 larger than some experimental results.
It is shown that the Oppenheimer-Phillips process enhances the rate by a factor of 1.77. Difficulties with applying the model to titanium are discussed.
The Debye screening length AD is given by -2= 41re2N(O), [6] e being the electronic charge. According to the jellium model of a metal (3), the longitudinal velocity of sound s is related to EF by the relation EF= Ms2, [7] In a recent article (1), we considered a simple model of palladium metal containing deuterons. We concluded that cold fusion of deuteron pairs in interstitial traps occurs at a rate of 10-30 sec1, 7 powers of 10 smaller than the rate seen in titanium metal by Jones et al. (2) . In the present note, we reexamine our model and show that actually rates of 10-18 sec1 can occur, 5 powers of 10 larger than those seen by Jones et al.
In face-centered-cubic palladium metal, the outermost 10 4d electrons furnish the metallic binding. We make the approximation of treating all 10 such electrons per atom on the same footing, considering them to be conduction electrons uniformly distributed throughout the metal and having some effective mass m*. The cubic unit cell of the crystal, containing four atoms, has a cube edge L = 3.8907 A, so that the conduction electron density is no = 4(10)(3.8907)-3 = 0.67917 A-3, [Il and the mass density of palladium is p = 4(106.4)(1.66056 x 10-'4)(3.8907 x 10-8)-3 = 11.9998 g/cm3. [2] In the free-electron model of a metal, no = (3ir2)-1(PF/h)3, PF being the Fermi momentum, and the Fermi energy is EF = (pF/2m*). Thus (m*/m)= ! (3r2)2/3(n3a0)2/3(EO/EF). [3] Here m is the electronic mass, ao is the Bohr radius, and the Hartree energy EO is Eo = (f,2/m a2) = (e2/ao) = 27.21 eV.
[4]
The number of one-electron states per unit volume per unit energy at the Fermi energy is
where M is the atomic mass per conduction electron.
In ref. 1 , we calculated s from the known elastic constants ofthe metal and then in turn calculated EF and AD. As pointed out by Kondo (4), a more direct way of determining AD from experiment is to measure the electronic contribution to the specific heat of the metal at low temperatures, given by yT, where [8] kB being the Boltzmann constant and T the absolute temperature. We see that yA2 = (7r/12)(kB/e)2 [9] is a known constant. Using the measured value due to Veal and Rayne (5) of y = 9.42 x 10-s J mol' K2, we get AD = 0. 14270 A. [10] Note that this value is appreciably smaller than the value 0.21183 A used in ref. 1 Using the values of AD, EF, and (m*/m) obtained from the electronic specific heat, we now repeat the calculations made in ref. 1 . In palladium, any four nearest-neighbor atoms form Abbreviation: TFM, Thomas-Fermi-Mott.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. [16] The quantity D = 0.0162717 is the Fermi energy expressed in these units. The additional potential resulting from the single deuteron is Vl(r) = -r-10(r). where Ai and ai are listed in Table 1 The probability per unit time that two deuterons in a trap will fuse is given by (7) A = A1if(Rn)12, [27] where qi(Rn) is the deuteron-deuteron wave function at a separation distance Rn equal to the range of the nuclear interaction. We take Rn = 3.22 F, twice the experimentally observed rms radius of the a particle. The constant A is A = S(O)(iratc)-1 = 1.478 x 10-16 cm3/sec, where a is the fine structure constant, c the velocity of light, .a the reduced mass, and S(0) = 106 keV-barn is the low energy limit of the nuclear S-factor for deuteron-deuteron fusion ( [33]
We find 2inq = 77.9713, F = 2.6445 x 1028 cm-3, so that A = 5.3641 x 10-22 sec-1.
[34] The approximation embodied in Eq. 19 will tend to underestimate the screening when the two deuterons are close. Electrons much farther away from the origin than the two deuterons will find themselves in the screened field of an impurity of charge Z = 2. This suggests the alternative approach of letting V1(r) be one-halfthe solution to the TFM equation for a single a particle, rather than the solution for a single deuteron. Such an approximation, if anything, probably slightly overestimates the screening when the two deuterons are well separated. It is, however, the behavior when the deuterons are close that plays a critical role in determining the size of the Gamow factor.
We smaller value of A. The problem is that these results are for pure titanium in the hexagonal-close-packed phase, whereas titanium containing appreciable amounts of deuterium is in the face-centered-cubic phase, with the deuterons being in the tetrahedral traps (for a review of these matters, see ref.
9). The face-centered cubic phase does not exist in the pure metal, so that experimental values for specific heat or elastic constants are not available, Switendick (10) has compared calculated values of electronic specific heat for the hexagonal-close-packed and face-centered-cubic phases, concluding that the latter is larger by a factor of 2.08, which would imply that AD is reduced to 0. 1816 A. Because of uncertainty in the parameters of the model, we have not attempted a detailed analysis of titanium.
